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ATACTCGAGTTACTTGTACAGCTCGTCCATGCCG-3'). The PCR product was subsequently digested with NdeI and XhoI (NE Biolabs) and cloned between the NdeI and XhoI sites of an inhouse expression plasmid, containing an engineered T7 promoter sequence and the ampicillin (Amp) resistance gene, to produce the vector pNOM-XP3-eGFP.
DNA was purified using the following kits supplied by Qiagen: Qiagen Plasmid Midi kit (from cell culture), QIAprep Spin Miniprep kit (from cell culture), a QIAquick Gel Extraction kit (from agarose gels) or QIAquick PCR purification kit (from PCR reaction mixtures).
Construction of the bla
TAG and eGFP TAG libraries.
Construction of the BLAΔ trinucleotide deletion libraries
A library containing 1000 different clones with the MuDel transposon inserted randomly within the bla gene was a subset of a larger library termed BLAΔ 1664 constructed previously 4 . This library was termed BLAΔ 1000 . The estimated size of the BLAΔ 1000 library was deemed sufficient to cover all potential MuDel insertion positions within bla (coding region of 861 bp), even when redundancy in transposon insertion positions (10-15%) was factored in 1, 3 .
Construction of the eGFPΔ trinucleotide deletion libraries
A generic approach not reliant on the functional properties of the target protein was taken for constructing the library constituting the MuDel transposon inserted randomly within eGFP (outlined in Supporting Figure 2 ). Insertion of MuDel into the target DNA was performed by in vitro transposition with the HyperMu™ MuA transposase system (Epicentre® Biotechnologies) using 1 unit of the transposase, 300 ng of pNOM-XP3-eGFP and 40 ng of MuDel. The reaction mixture was incubated at 37°C for 3 hr and transposition terminated by the addition of 0.1% w/v SDS.
Chemically competent E. coli NovaBlue GigaSingle cells were transformed with ca 50 ng DNA from the transposition reaction. A proportion of the transformed cells (1.5%) were grown on LB agar supplemented with 20 μg/ml chloramphenicol (Cam) to determine the number of clones with MuDel inserted within the whole plasmid (calculated to be a total of 7590). The proportion of clones containing MuDel within eGFP was determined by PCR with primers AJBgfp009 and AJBgfp010.
From 48 clones analysed, 16 (33%) were deemed to contain MuDel inserted within eGFP (fragment size 2039 bp compared to 732 bp for eGFP alone). The rest of the transformed cells were used to inoculate 1l LB broth supplemented with 20 μg/ml Cam and incubated at 37°C overnight.
Subsequently, DNA comprising MuDel randomly inserted throughout the plasmid was purified from the culture. To isolate the population of species with MuDel inserted within eGFP, 3 μg of the plasmid DNA was digested with NdeI and XhoI, and the products of digestion separated by agarose gel electrophoresis. The fragments equivalent to the plasmid backbone (2143 bp) and eGFP containing MuDel (2030 bp) were isolated (Supporting Figure 2) and purified. The two purified fragments were then ligated using T4 DNA ligase followed by transformation of chemically competent E. coli NovaBlue GigaSingles. Transformation efficiency was determined to be 9 × 10 A total of 960 and 1877 individual clones (from a total of >3000) derived from the insertion of SubSeq TAG into bla or eGFP, respectively, that displayed resistance to kanamycin (Kan) were picked at random and used to inoculate separate wells of 96-well microtitre plates containing 100 μl LB broth and 50 μg/ml Kan. Overnight cultures grown at 37°C were pooled and DNA was purified.
SubSeq TAG was removed from the plasmid by digestion of the plasmid pool with MlyI for 1 h at 37°C (ca 2 μg DNA per 50 μl reaction volume). MlyI was inactivated by incubation at 65°C for 20 min and linearised DNA purified after agarose gel electrophoresis. Plasmid (ca 100 ng) was recircularised using a T4 DNA ligase to reform the full-length target gene containing a randomlyplaced TAG trinucleotide exchange. These trinucleotide exchange libraries based on either bla or eGFP were termed bla TAG and eGFP TAG , respectively.
Screening for TEM-1 variants that tolerate incorporation of p-iodophenylalanine
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The engineered orthogonal tRNA p-iodoPhe CUA /p-iodophenylalanine (p-iodoPhe) tRNA synthetase system described previously 5 was used to incorporate p-iodoPhe in response to the UAG codon 
Screening for eGFP variants that tolerate incorporation of p-iodophenylalanine
E. coli BL21-Gold(DE3) electrocompetent cells were transformed with ca 10 ng of eGFP TAG library DNA derived from the self-ligation reaction used to reconstruct the full-length eGFP gene after SubSeq removal. Variants incorporating the unnatural amino acid were identified in a negative-
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positive in vivo selection process. The transformed cells were grown in the absence of p-iodoPhe on LB agar containing 100 μg/ml Amp and 10 μM IPTG, and incubated at 37°C for 16 h, followed by a further 24 h at 4°C to allow eGFP in vivo fluorescence to develop. Colonies were screened visually for green colouration after excitation in the near UV using a UV transilluminator to identify clones producing mature eGFP. Clones containing functional eGFP in the absence of p-iodoPhe were assumed not to contain an in-frame TAG that would otherwise prematurely truncate the protein; these clones were estimated to comprise ca 60% of all the clones. From a total of ca 10,000 colonies, 
